Introduction: Non-operative management is the standard of care in hemodynamically stable patients with blunt splenic injury. However, a number of issues regarding the management of these patients are still unresolved. The aim of this study was to reach consensus among experts concerning optimal treatment and follow-up strategies.
Introduction
The spleen is among the most frequently injured organs after blunt abdominal trauma 1,2 and a missed splenic injury is the most common cause of preventable death in trauma patients. 3 Presently, nonoperative management (NOM) is the standard of care in hemodynamically (HD) stable patients, with success rates up to 90%. [4] [5] [6] However, a number of issues regarding the management of patients with blunt splenic injury are still unresolved. In the literature, the optimal patient selection for different types (observation, with or without splenic artery embolization (SAE)) of NOM is controversial. An increased failure rate of NOM has been reported in the presence of contrast extravasation and/or moderate or large hemoperitoneum on the computed tomographic (CT) scan, American Association for the Surgery of Trauma (AAST) splenic injury Grade 3 or higher, increasing age and increasing Injury Severity Score. 5, 7, 8 Evidence suggests that the use of SAE may reduce failure rate 7,9-11 but this approach is also controversial. 12 Moreover, SAE has not yet been shown to reduce failure rate in prospective, randomized trials. Generally accepted guidelines describing the optimal follow-up strategy of patients with blunt splenic injury are also not available: contradictory opinions are reported in literature with regard to the need for routine follow-up imaging [13] [14] [15] and the recommended lengths of hospital stay [16] [17] [18] . Using the Delphi method, we have sought to reach consensus among a group of international experts concerning optimal treatment and follow-up strategies in patients with blunt splenic injury.
Methods

Study design
The Delphi method, named after the famous Oracle at Delphi, is a group facilitation technique that seeks to obtain consensus on the opinions of experts through a series of rounds. 19 The responses from each round are analyzed and communicated back to the experts in the following round. The participants are able to reevaluate their views in the light of others opinions. 20 In a Delphi study opinions can be assembled without the need to bring people physically together. The process allows anonymous, nonbiased consensus building and has been well validated for systematically assessing and organising expert opinion. [21] [22] [23] The study consisted of two rounds.
Selection of experts
Trauma surgeons and interventional radiologists from all over the world, involved in the medical care of patients with blunt splenic injury and with at least 5 years of experience with SAE in this patient population, were invited to participate. Furthermore, physicians with outstanding research qualities on the field of blunt splenic injury were invited. Publication of one or more articles related to the NOM of patients with blunt splenic injury was required. A total of 39 experts received an invitation together with the study protocol. Thirty experts (24 trauma surgeons, 6 interventional radiologists) were willing to participate. A collaboration group called "PYTHIA collaboration group, " named after the priestess at the Temple of Apollo at Delphi, was founded. In Appendix 1 the expert names including the country where they practice are presented.
Questionnaire
An online questionnaire was used in both rounds of this study. To integrate all disputable subjects regarding the management of patients with blunt splenic injury in the questionnaire, a literature search was performed. MEDLINE and Embase databases were searched for English, French, Dutch and German articles concerning the NOM of patients with blunt splenic or abdominal injury. The following search terms were applied: angioembolization, angiography, embolization, nonoperative management, blunt splenic or abdominal injury (complete search strategy available upon request). Of the 425 papers identified, 89 (depicted in Appendix 2) were considered useful for our research. These articles were read and screened for additional relevant publications. The questionnaires of both study rounds consisted of two parts: treatment strategies and follow-up strategies. The 13 discussed topics and the type of questions (yes or no, check-off or open), are presented in Table 1 . The first round consisted of 34 questions, and the second round consisted of 30 questions. In the second round, remarks and suggestions of the first round were incorporated, but questions where consensus was reached in the first round were omitted. The four features of a consensus method were applied: anonymity, iteration, controlled feedback, and statistical group response. 24, 25 All questions concerned patients aged 40 years, unless otherwise described, with isolated splenic injury and no previous medical history. The participants were asked to answer the questions assuming that all required facilities for the different therapy strategies were at one's disposal (i.e. angiography suite with equipment (wires, catheters, coils and particles etc.), an adequate clinical setting (acceptable distance and transport time to angiography suite) and 24/7 availability of a skilled interventional radiologist as well as availability of operation theater and a trauma surgeon))). The questionnaires are available as supplemental digital content (Appendices 3 and 4). Reminders were sent to nonresponders on regular basis, with a maximum of three reminders per person. Before initiation of the study, a colleague, who is experienced in conducting Delphi studies, 26 tested feasibility and comprehension of the questionnaire.
Statistical Analysis and Reporting of Questions
Consensus was defined as an agreement of 80% or greater between respondents (number of identical answers divided by the number of respondents). Data from the two rounds of questions were reported separately. Owing to the word limit, only consensus strategies were reported. Data for which consensus was not reached are listed in Appendix 5.
Results
First round
General During a 3-month period, 27 experts (90%) filled out the online questionnaire; 21 trauma surgeons (78%) and 6 interventional radiologists (22%). The number of trauma surgeons and interventional radiologists from the United States and other countries was equally distributed (12 US and 9 non-US trauma surgeons versus 3 US and 3 non-US interventional radiologists). Median number of splenic publications of the participants was 5 (interquartile range, 2-12).
Consensus
Almost all experts (25 of 27, 93%) use the AAST organ injury scale for grading splenic injury (Topic I, see Table 1 ). Two did not, one trauma surgeon and one interventional radiologist. Topic II consisted of 13 scenarios: for two scenarios consensus was reached. Table 2 shows that observational management can be applied in HD stable patients with low-grade injuries (Topic II) as well as highgrade (Topic III) splenic injuries when the absence of contrast extravasation on the CT scan is combined with the absence of an arteriovenous (AV) fistula or pseudoaneurysm and no hemoperitoneum (96% and 93% of the experts for Topics II and III, respectively) or a small hemoperitoneum only (100% and 85% of the experts for Topics II and III, respectively). HD instability (defined as: systolic blood pressure < 90 mmHg and pulse rate > 130 beats per minute) was nearly uniformly considered an indication for surgery (Topic IV), irrespective of the CT characteristics and grade of splenic injury (see Appendix 6) . A number of patient characteristics that have been suggested to influence therapeutic strategies were presented to the participants in Topic V, and the panel was asked to check off those factors they thought signifi cant (if the factor was important, there was additional inquiry as to specifi c cutoff points). Figure  1 shows that the need for fi ve or more packed red blood cell transfusions (22 of 27 experts, 81%) and associated intra-abdominal injuries (22 of 27 experts, 81%) infl uence therapy strategy. Both were indications to apply operative management (OM) (19 (86%) and 21 (95%) of the 22 experts, respectively). For Topic VII, the participants indicated that the staff resources that are necessary to perform SAE include an experienced (defi ned as 20-30 previous embolizations) interventional radiologist with 24/7 availability or a less than 30-minute in house attendance outside offi ce hours (25 out of 27 experts, 93%). Furthermore, adequate nursing staff or support personnel were cited. The minimum of equipment that should be present to perform SAE is a dedicated angiography suite or hybrid operating room, both critical care compatible. Availability of hemodynamic monitoring capability was considered especially important. All experts take the view that patients should be admitted to a setting with continuous monitoring of vital parameters (Topic IX); 17 (63%) experts would admit patients to the intensive care unit, and 10 (37%) experts would admit patients to other settings with continuous vital parameter monitoring (e.g., a step-down unit). The duration of admission is determined by the clinical situation and the hospitals protocol (Fig. 2, 24 of 27 experts, 89%). All experts (27 of 27, 100%) perform serial hemoglobin/ hematocrit checks as a part of their observational management (Topic X).
Second round General
Of the 30 experts, 24 (80%) filled out the online questionnaire of the second round, 19 trauma surgeons (79%) and 5 interventional radiologists (21%). The number of trauma surgeons and interventional radiologists from the United States and other countries was equally distributed (11 US and 8 non-US trauma surgeons as well as 2 US and 3 non-US interventional radiologists).
Consensus
For HD stable patients with low-grade splenic injuries (Topic II) consensus was reached for three additional scenarios (square number 5, 11 and 12 in the left part in Table 2 ) and for two additional scenarios (square number 5 and 11 in Table 2 ) in high grade splenic injuries (Topic III). All five scenarios were indications to apply SAE. Nineteen out of 24 experts (79%) agreed that a higher ISS score (defined as ≥25) does not influence therapy strategy (topic V). This question was introduced after the first round, where consensus was almost reached that GCS, ISS and age did not influence therapy strategy. Of the 24 participants, 23 (96%) felt that OM was needed when proximal SAE failed (Topic VIII). Although consensus was not reached for management in case of failure of super-selective SAE (17 (70%) of 24 perform OM, while 7 (30%) of 24 would repeat SAE), the participants who would reattempt SAE do agree that it should be proximal embolization (6 of 7, 86%). Of the 24 experts, 23 (96%) agreed that the duration of admission to a monitored setting should be at least 1 to 3 days. All experts (24 of 24, 100%) agreed that vital sign stability and stable hemoglobin or hematocrit checks are the most important factors in determining the total length of hospital admission ( Figure  3 ). Initial stage was defi ned as the fi rst 24 hours; later stage was defi ned as: >24 hours or when the patient is stable
89%
No consensus was reached whether routine, in-hospital, follow-up imaging (Topic XI) should be performed (see Appendix 7); 11 (46%) of 24 experts would recommend to perform routine imaging. Experts who perform routine followup imaging do so to detect delayed vascular injury (9 of 11 experts, 82%) and most experts performing delayed imaging did so with CT scans (no consensus). Of the 24 experts, 21 (88%) recommend resumption of travel within 1 to 4 weeks (Topic XII). Of the 24 participants, 21 (88%) do not perform routine postdischarge follow-up imaging but did so only for specific indications (e.g. in professional athletes; see Appendix 5).
Discussion
This study was performed to reach consensus among international experts concerning different treatment and follow-up strategies in patients with blunt splenic injury to offer practical tools to physicians in a field where guidelines are lacking. Almost all experts use the AAST organ injury scale for grading splenic injury. Experts universally agreed that observation or embolization can be applied in the presence of a small or no hemoperitoneum combined with an intraparenchymal or no contrast extravasation regardless of the presence of an AV fistula or grade of splenic injury. The percentage of experts that perform some intervention (either SAE or surgery) increases strongly in the presence of an AV fistula, a pseudoaneurysm, or a large hemoperitoneum. Even in patients with high-grade splenic injury, a large hemoperitoneum or an intraperitoneal contrast extravasation with an AV fistula or pseudoaneurysm, half of the experts would attempt SAE. In cases of failed embolization, however, very few experts reattempt SAE. The participants overwhelmingly agreed that rapid availability of a dedicated angiosuite with an experienced interventional radiologist and support personnel is essential if SAE is to be a routine part of care of the injured spleen. Depending on the clinical situation, a starting time of SAE of 30 to 60 minutes for stable patients with an intraparenchymal or intraperitoneal contrast extravasation and 15 to 30 minutes for patients who also have a large hemoperitoneum was recommended. We believe such stringent logistic factors may suggest restricting more wide application of SAE. Centralization of 7 these patients could improve the feasibility of this approach.
In agreement with advanced trauma life support principles and the literature 27, 28 , the experts considered HD instability to be an indication for OM, irrespective of the CT characteristics.
Optimal treatment strategy in case of failure of observation could not be identified. Although some participants would perform SAE or do further imaging to determine the need for SAE, a number of participants would simply proceed to the operating theater. Consensus practice patterns of experts included 1 to 3 days of admission to a monitored setting, followed by a non-consensus general agreement (Appendix 8) on 1 to 3 days of observation on the ward. This is comparable to the 3 to 5 day stay recommended by Peitzman et al. 17 and Smith et al. 18 Literature suggests that this duration of admission should identify more than 95% of the patients failing NOM. Cocanour et al. advised shorter lengths of admission, reporting successful discharge of patients with low-grade injuries after 1 to 2 days and 3 to 4 days for higher-grade injuries. 16 London et al. reported that the time of mobilization was not associated with delayed splenic rupture. 29 Nonetheless, the experts in this study generally felt that the costs of longer hospital admissions should be counterbalanced against the risks of delayed splenic vascular injury associated with earlier discharge. Unfortunately, agreement regarding recommendations for return to activity, an issue of primary importance to patients, was limited. There was especially great diversity of opinion with regard to return to contact sports. The first round showed that a 3-month period of rest was frequently recommended, but we failed to come to consensus. Zarzaur et al. surveyed activity level recommendations among AAST members. 30 For a sedentary patient, respondents' recommendations became more conservative as the grade of injury increased (low grade, <8 weeks, higher grade, varying). For professional football players, the recommendations depended on injury grade (low grade, 4-8 weeks, higher grade, longer periods or return after showing that the injury was healed on CT scan). For grade IV or V injury, some of the experts in the study of Zarzaur et al. even recommended permanent exclusion from full activity. That opinion was not voiced in this study. The need for routine in-hospital follow-up imaging is debated. Savage et al. recommend following up patients with repeat CT scan (in hospital and as outpatients) until healing of injury can be confirmed, regardless of the severity of the splenic injury 13 , while others have suggested that CT confers no benefit in patients with low-grade splenic injury. 15, 31 Some authors have stated that routine follow-up radiographic evaluations are not necessary at all (neither prior to discharge nor as outpatients). [32] [33] [34] The diversity of opinion on this topic was observed in our study as well: about half of the experts felt routine followup imaging was indicated during the index admission, to detect (delayed) vascular injury (e.g., a splenic pseudoaneurysm). Lastly, consensus was reached that routine post discharge follow-up imaging is not indicated, although a few experts do perform imaging in professional athletes or when the patient's profession presents a high risk for repeat contact, a statement that has been supported by Moore et al. 15 . Post discharge imaging was performed by a large proportion of the experts in cases of new or persistent symptoms or a new clinical problem. This is in accordance with the results of prior studies. 33, 35, 36 
Strengths and Limitations
In both rounds, higher response rates were achieved than are normally expected in expert opinion studies. 30, 37, 38 This might partially be explained by preselecting physicians who are willing to participate as well as who have knowledge, expertise and interest in the management of patients with blunt splenic injury. Nonetheless, the findings are limited by the design of the study. Although suited to answer our research questions, Delphi studies provide Level IV evidence. Another difficult aspect is the phrasing of the questions, an important aspect in this type of research. Phrasing should not be too nuanced in order to reach consensus but overly precise phrasing may not be suitable either. Owing to the lower rate of participation of experts in the second round compared to the first round, we classified 79% agreement as "near consensus". Moreover, questions in the survey were answered assuming an "ideal" clinical setting. Therefore, the results may not be generalizable to centers that are not similarly equipped. Lastly, it is important to note that treatment should always be adjusted to the individual patient. In this study a consensus model was offered on management strategies that experts agree on, but we would like to emphasize that patient characteristics and the local (clinical) situation are and should be guiding in determining ultimate management strategy for the specific patient.
Conclusion
Splenic injury is difficult to study prospectively, and evidence-based approaches are lacking. Nonetheless, by means of this Delphi study, consensus was reached on over half the difficult questions posed. Therapeutic strategies tend to be guided predominantly by patient hemodynamic status and CT characteristics and only to a much lesser extent by associated injuries. The presence or availability of an experienced interventional radiologist and rapid (preferably <1 hour) access to a dedicated angiosuite are considered to be of major importance. One to three days of admission to a monitored setting is advised, and the total length of stay is determined by the clinical situation or hospitals protocol. Serial hemoglobin or hematocrit checks should be performed, in observation as well as after SAE. Routine post discharge imaging is not usually indicated. Many other topics remain controversial. Thus, although treatment should always be adjusted to the specific patient, the results of this study may serve as general guidelines.
